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0 SUMMARY 

The a p p l i c a b i l i t y  of t h e  s e l f - h e a t i n g  t e c h n i q u e  as an  i n - s i t u  method f o r  
checking t h e  c a l i b r a t i o n  of p la t inum r e s i s t a n c e  thermometers (PRT's) l o c a t e d  i n s i d e  
wind t u n n e l s  has  been i n v e s t i g a t e d .  
measurement of r e s i s t a n c e  ( tempera ture)  i n c r e a s e  v e r s u s  j o u l e  h e a t i n g  of t h e  PRT. 
Changes i n  t h e  c a l i b r a t i o n  of  PRT's were t h e o r e t i c a l l y  r e l a t e d  t o  d e t e c t a b l e  changes 
i n  t h e  behavior  of t h e  s e l f - h e a t i n g  curves genera ted  by t h i s  technique.  
h e a t i n g  tests were performed i n  o r d e r  t o  e v a l u a t e  t h e  r e l a t e d  u n c e r t a i n t i e s  i n  t h i s  
technique .  It was found t h a t  t h e  s e l f - h e a t i n g  technique  is not a p p l i c a b l e  t o  PRT's 
used i n  wind t u n n e l  environments ,  mainly because of t h e  f l u c t u a t i o n  of f low 
v a r i a b l e s  d u r i n g  any wind t u n n e l  t e s t i n g .  These f l u c t u a t i o n s  produce e r r o r s  t h a t  
are l a r g e r  than  t h e  a c c e p t a b l e  t o l e r a n c e s  f o r  t h e  s e l f - h e a t i n g  technique .  

This t e c h n i q u e  is based on a s t e a d y - s t a t e  

S e l f -  

INTRODUCTION 

The a p p l i c a b i l i t y  of t h e  s e l f - h e a t i n g  technique  f o r  checking t h e  c a l i b r a t i o n  o f  
p l a t i n q a  r e s i s t a n c e  thermometers has  been i n v e s t i g a t e d .  
t h e  need f o r  a s y s t e m a t i c  i n - s i t u  method f o r  de te rmining  when a PRT l o c a t e d  i n s i d e  a 
wind t u n n e l  needs t o  be r e c a l i b r a t e d .  

T h i s  work was motivated by 

PRT's are being used more e x t e n s i v e l y  f o r  s t a g n a t i o n  tempera ture  measurement i n  
wind t u n n e l s ,  s p e c i f i c a l l y  c ryogenic  wind t u n n e l s ,  because of t h e i r  h igh  
p r e c i s i o n .  
s t r o n g l y  tempera ture  dependent ,  t h u s  r e q u i r i n g  v e r y  p r e c i s e  tempera ture  measurements 
( r e f .  1) .  

The thermophysical  p r o p e r t i e s  of gaseous n i t r o g e n  around 90 K a r e  

The r e s i s t a n c e - t e m p e r a t u r e  r e l a t i o n s h i p  of plat inum i s  wel l  known and has  been 
u t i l i z e d  f o r  a c c u r a t e  thermometry ( r e f .  2 ) .  A PRT is c o n s t r u c t e d  of p la t inum wire 
wound around a frame o r  embedded i n  cement. I d e a l l y ,  t h e  wire must be f r e e  t o  
expand and c o n t r a c t  wi thout  c o n s t r a i n t  from i t s  s u p p o r t s .  This  s o - c a l l e d  " s t r a i n -  
f r e e "  c o n s t r u c t i o n  is u t i l i z e d  i n  s tandard plat inum r e s i s t a n c e  thermometers (SPKT's) 
s u i t a b l e  f o r  l a b o r a t o r y  environments.  PRT's f o r  i n d u s t r i a l  a p p l i c a t i o n  employ 
p a r t i a l l y  or t o t a l l y  supported r e s i s t a n c e  windings i n  o r d e r  t o  p r o t e c t  t h e  s e n s o r  
from mechanical  shock, t h u s  t h e  plat inum wire is n o t  f r e e  t o  expand o r  c o n t r a c t .  

a l s o  r e l a t e d  t o  t h e  s t r a i n  t h a t  r e s u l t s  f r o m  t h e  d i f f e r e n t i a l  expansion of p la t inum 
wire  and i t s  s u p p o r t s .  The wire may a l s o  be s t r a i n e d  by v i b r a t i o n ,  thermal ,  o r  
mechanical  shocks.  These s t r a i n  e f f e c t s  could cause  changes i n  t h e  c a l i b r a t i o n  of a 
PRT. The purpose of t h i s  i n v e s t i g a t i o n  has been t o  de te rmine  t h e  a p p l i c a b i l i t y  of 
t h e  s e l f - h e a t i n g  technique  as a means for checking t h e  c a l i b r a t i o n  of  PRT's i n  o r d e r  
t o  d e t e r m i n e  when t h e  changes i n  t h e  c a l i b r a t i o n  of a PRT are s u f f i c i e n t  t o  r e q u i r e  
r e c a l i b r a t  i o n .  

T h e r e f o r e ,  t h e  r e s i s t a n c e  of t h e  PRT is  not on ly  a f u n c t i o n  of tempera ture ,  but i s  



The s e l f - h e a t i n g  t echn ique  has  been implemented by K e r l i n ,  et a l . ,  ( re f .  3)  f o r  
d e t e c t i n g  changes i n  t h e  r e sponse  c h a r a c t e r i s t i c s  of degraded PRT's. This  method i s  
based  on a s t e a d y - s t a t e  measurement of r e s i s t a n c e  ( t empera tu re )  i n c r e a s e  v e r s u s  
j o u l e  h e a t i n g  i n  the sens ing  element .  Changes i n  t h e  s l o p e  of t h e  r e s i s t a n c e  v e r s u s  
j o u l e  h e a t i n g  curve, t h e  s e l f - h e a t i n g  cu rve ,  have been r e l a t e d  t o  changes i n  t h e  
o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  of PRT's, and t h e r e f o r e ,  r e l a t e d  t o  changes i n  t h e  
r e sponse  c h a r a c t e r i s t i c s  of t h e  s e n s o r s  ( r e f .  3).  I n  t h i s  i n v e s t i g a t i o n ,  an a t t empt  
has  been made t o  relate changes i n  t h e  behavior  of t h e  s e l f - h e a t i n g  cu rve  t o  changes 
i n  t h e  c a l i b r a t i o n  of PRT's. 
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LIST OF SYMBOLS 

c a l i b r a t i o n  c o n s t a n t s  
e r r o r  
convec t ive  h e a t  t r a n s f e r  c o e f f i c i e n t  
Kelv in  
thermal  c o n d u c t i v i t y  
l e n g t h  
j o u l e  hea t ing  
r es i s  t ance 
ice-poin t  res i s  t ance 
Reynolds number 
r a d i u s  
P la t inum R e s i s t a n c e  Thermometer tempera ture  
f ree-s t ream tempera ture  
o v e r a l l  heat t r a n s f e r  c o e f f i c i e n t  
v o l t  age  
c a l i b r a t i o n  c o n s t a n t s  
s l o p e  of t h e  s e l f - h e a t i n g  cu rve  
when preceding a symbol, s i g n i f i e s  changes i n  t h a t  q u a n t i t y  
y - in t e rcep t  of t h e  s e l f  h e a t i n g  curve  

s u b s c r i p t s  
S p r e c i s i o n  c a l i b r a t i o n  r e s i s t o r  

THEORETICAL ASPECTS OF THE SELF-HEATING TECHNIQUE 

The r e s i s t a n c e  of a PRT is r e l a t e d  t o  t empera tu re  i n  t h e  tempera ture  range  from 
90.18 K t o  903.65 K acco rd ing  t o  Callendar-Van Dusen e q u a t i o n  ( r e f .  4 ) :  

Ro,  a, 8 ,  and 6 a re  c o n s t a n t s  determined by c a l i b r a t i o n  a t  t h e  f r e e z i n g  po in t  of 
water, t h e  b o i l i n g  po in t  of water, t h e  b o i l i n g  p o i n t  of oxygen, and t h e  f r e e z i n g  
p o i n t  o f  z i n c ,  r e s p e c t i v e l y .  $ is equal  t o  z e r o  f o r  t empera tu res  above 273.15 K. 
Th i s  c a l i b r a t i o n  procedure and i n t e r p o l a t i o n  e q u a t i o n  a r e  i n  accordance  wi th  t h e  
I n t e r n a t i o n a l  P r a c t i c a l  Temperature Sca le  of 1948 ( r e f .  41,  IPTS-48, which is 
d i f f e r e n t  from the more r e c e n t ,  a c c u r a t e ,  and compl ica ted  c a l i b r a t i o n  procedure  of 
IPTS-68 ( r e f .  5 ) .  The v a r i a t i o n  of t empera tu re  d i f f e r e n c e  between t empera tu res  
d e f i n e d  on IPTS-68 and IPTS-48 f o r  t h e  t empera tu re  range  90 K t o  330 K has a maximum 
v a l u e  o f  0.034 K ( r e f .  5 ) .  For t h e  p r e c i s i o n  needed i n  t h i s  s t u d y ,  IPTS-48 
fo rmula t ion  provides adequate  accuracy ,  and i s  much s i m p l e r  t o  use.  Fur thermore ,  
i n d u s t r i a l  PRT's a r e  not c a p a b l e  of producing t h e  p r e c i s i o n  and r e s o l u t i o n  
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s p e c i f i c e d  by IPTS-68. 

Equat ion  1 c a n  be t ransformed i n t o  a s i m p l e r  form: 

R 3 t  - = 1 + A t  + B t 2  + C t  (- - 1)  100 
RO 

where : 

B = a6 

C = -10 a6 -6 

( 2 )  

(2 .1)  

(2.2) 

(2.3) 

The s e n s i t i v i t y  of a PRT i s  given by the f i r s t  d e r i v a t i v e  of r e s i s t a n c e  w i t h  r e s p e c t  
t o  tempera ture  : 

( 3 )  
2 t  

e- dR - Ro [A + 2Bt + C t  ( T ~  - 3)1 
d t  

Four PRT's have been used for t h e  t h e o r e t i c a l  and exper imenta l  c o n s i d e r a t i o n s  
throughout  t h i s  s tudy .  These PRT's are r e p r e s e n t a t i v e  of t h e  PRT's used f o r  t h e  
s t a g n a t i o n  tempera ture  measurement i n  t h e  N a t i o n a l  Transonic  F a c i l i t y .  The l i s t i n g  
of t h e s e  PRT's and t h e i r  cor responding  c a l i b r a t i o n  d a t a  are provided i n  Table  1. 
The v a r i a t i o n  of r e s i s t a n c e ,  s e n s i t i v i t y ,  and t h e  ra te  of change of s e n s i t i v i t y  wi th  
tempera ture  (second d e r i v a t i v e  of r e s i s t a n c e  wi th  r e s p e c t  t o  tempera ture)  f o r  PRT #l 
is shown i n  f i g u r e  1. 
t h e  ice-poin t  r e s i s t a n c e ,  Ro, t h e  r e s i s t a n c e  a t  t h e  f r e e z i n g  p o i n t  of water, w h i l e  
t h e  s e n s i t i v i t y ,  and t h e  r a t e  of change of s e n s i t i v i t y  have been nondimensional ized 
w i t h  r e s p e c t  t o  t h e i r  corresponding va lues  a t  90 K. It can be s e e n  from t h i s  f i g u r e  
t h a t  t h e  s e n s i t i v i t y  of a PRT i n c r e a s e s  with d e c r e a s i n g  tempera ture .  

The r e s i s t a n c e  has been nondimensional ized with r e s p e c t  t o  

S e l f  -Heating Curve 

The s t e a d y - s t a t e  r e l a t i o n s h i p  between t h e  s e n s o r ' s  t empera ture  and j o u l e  
h e a t i n g  g e n e r a t e d  i n  t h e  s e n s o r  is: 

q = UA ( t  - too) (4) 

When t h e  PRT is opera ted  with a one ,mi l l iamp c u r r e n t  which is t h e  normal o p e r a t i n g  
c u r r e n t  of  PRT's, t h e  amount of  h e a t  genera t ion  i n  t h e  s e n s o r  is n e g l i g i b l e ,  t h u s  
y i e l d i n g  a n e g l i g i b l e  tempera ture  d i f f e r e n c e  between t h e  s e n s o r  and i t s  
sur roundings .  
r e s i s t a n c e  of t h e  sensor  and t h e  j o u l e  h e a t i n g ,  t h e  so-ca l led  "se l f -hea t ing"  curve :  

Combining e q u a t i o n s  2 and 4 y i e l d s  t h e  r e l a t i o n s h i p  between t h e  

2 1) + (s) [A + 25t- + C t -  ( T ~  - 3 ) l  R 2 3 - = 1 + Atoo  + Bta+ C t o o  (m - 
RO 
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Changing t h e  c u r r e n t  supp l i ed  t o  a PRT r e s u l t s  i n  d i f f e r e n t  r e s i s t a n c e s  and j o u l e  
h e a t i n g s .  
h e a t i n g  curve .  I f  the PRT is opera ted  with c u r r e n t s  below 100 mi l l iamps ,  t h e  second 
and h i g h e r  o r d e r  heat g e n e r a t i o n  terms i n  e q u a t i o n  5 are n e g l i g i b l e .  The re fo re ,  a 
l i n e a r  r e l a t i o n s h i p  between r e s i s t a n c e  and h e a t  g e n e r a t i o n  r e s u l t s :  

P l o t t i n g  t h e  r e s i s t a n c e  ve r sus  t h e  h e a t  g e n e r a t i o n  c o n s t i t u t e s  t he  s e l f -  

to¶ - R = 1 + At,, + B t m 2  + Ct,, 3 (E t= - 1) + (s) [A + 2Bt,, + Ct,, (E  - 3 ) l  ( 6 )  
RO 

The v a l i d i t y  of t h i s  approximation has been checked expe r imen ta l ly  and w i l l  be  
d e s c r i b e d  subsequent ly .  The s l o p e  ( y )  and y - i n t e r c e p t  (@)of  t h e  s e l f - h e a t i n g  curve  
are: 

2 t- R 
y = (uz) [A + 2Bt,, + Ct,, (E - 3)1 ( 7 )  

Comparing t h e  s l o p e  and y - in t e rcep t  of t h e  s e l f - h e a t i n g  curve  with equa t ions  2 and 4 
shows t h a t  t h e  s lope  is b a s i c a l l y  the  s e n s i t i v i t y  of PRT d iv ided  by t h e  o v e r a l l  h e a t  
t r a n s f e r  c o e f f i c i e n t ,  and t h e  y - in t e rcep t  is  t h e  r e s i s t a n c e  of PRT as  t h e  c u r r e n t  
s u p p l i e d  t o  t h e  PRT approaches ze ro .  

Changes i n  t h e  Se l f  Heat ing Curve 

The s l o p e  of a PRT s u b j e c t  t o  s e l f - h e a t i n g  tes ts  i n  a wind tunne l  under s i m i l a r  
f low c o n d i t i o n s  -- i . e . ,  same tempera ture ,  p r e s s u r e ,  v e l o c i t y ,  and o t h e r  hea t  
t r a n s f e r  v a r i a b l e s  -- can change due t o  t h e  fo l lowing  r easons :  

I .  Change of the o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  due t o  senso r  
d e g r a d a t i o n .  Some of t h e  d i f f e r e n t  means of s enso r  deg rada t ion  are ( r e f .  6 ) :  
s u r f a c e  d e p o s i t  bui ld-ups,  c r ack ing  of sensor  i n t e r n a l  materials, o r  r e d i s t r i b u t i o n  
of f i l l e r  powders used i n  some s e n s o r s .  

2. Change of the c a l i b r a t i o n  c o n s t a n t s  of t h e  PRT caused by s t r a i n i n g  e f f e c t s .  
K e r l i n ,  e t  a l .  ( r e f .  3) have proposed r e l a t i n g  changes i n  t h e  s l o p e  of t h e  s e l f -  
h e a t i n g  curve  t o  changes i n  t h e  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  i n  an e f f o r t  t o  
p r e d i c t  changes i n  the response c h a r a c t e r i s t i c s  of P R T ' s .  

I n  t h i s  i n v e s t i g a t i o n  the  r e l a t i o n s h i p  between t h e  change i n  c a l i b r a t i o n  
c o n s t a n t s  and t h e  change i n  t h e  s l o p e  and y - i n t e r c e p t  of t h e  s e l f - h e a t i n g  cu rves  w a s  
examined. The changes i n  t h e  s l o p e  and y - i n t e r c e p t  of a PRT whose c a l i b r a t i o n  
c o n s t a n t s  have changed by 
Appendix A): 

AA, AB, AC, and bRo can be c a l c u l a t e d  as fo l lows  (See 

2 
ARO AY ARO 

- =  (1 + +  
Y 0 2 t= RO 

AA + 2ABt,, + Act,, (E - 3) + -  
A + 2Bt-  + Ct,, (E  - 3) 

( 9 )  

. 
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3 toJ 

ARO - = ( l  +T) + -  
A 3 t- - 1  RO 

ARo AAt,, + A B t a 2  + Act,, (x - 1) 

(m 

Am 
w 

At,, + Bt,,' + Ct,, v 1 +  - 1 J  
A"" 

(10 )  

The cor responding  tempera ture  e r r o r  caused by us ing  t h e  o r i g i n a l  c a l i b r a t i o n  
c o n s t a n t s  i n s t e a d  of  t h e  modi f ied  ones would be ob ta ined  by: 

A t = O - t  (11)  

where t and 
c a l i b r a t i o n  c o n s t a n t s ,  r e s p e c t i v e l y .  I n  an ac tua l  s e l f - h e a t i n g  t e s t  t h e  measured 
changes i n  s l o p e  and y - in t e rcep t  can be r e l a t e d  t o  tempera ture  e r r o r  through t h e  
fo l lowing  approximate formula (Appendix A): 

0 are t h e  s o l u t i o n s  t o  equat ion  2 us ing  t h e  o r i g i n a l  and t h e  modi f ied  

where: 

X = A + 2Bt, + Ct,, 2 (25 - 3) + (z) q [ZB + 

T y p i c a l  changes i n  c a l i b r a t i o n  cons t an t s  of PRT's used a t  t h e  NASA Langley 
Research Center  are l i s t e d  i n  t a b l e  2 ,  and were used t o  s tudy  t h e  v a r i a t i o n  i n  t h e  
behavior  of t h e  s e l f - h e a t i n g  curve .  The f i r s t  se t  of c a l i b r a t i o n  changes r e p r e s e n t s  
t h e  ave rage  v a l u e  of c a l i b r a t i o n  change of  SPKT's whi le  t he  remaining sets are  
r e p r e s e n t a t i v e  of i n d u s t r i a l  PRT's. The c a l i b r a t i o n  d a t a  t h a t  were used i n  
c a l c u l a t i n g  c a l i b r a t i o n  change number 8 i n  t h i s  t a b l e  a r e  presented  i n  Appendix B. 
The v a r i a t i o n  of change i n  s l o p e  and y- in te rcept  wi th  tempera ture  f o r  PRT #3, 
s u b j e c t  t o  c a l i b r a t i o n  change number 9 i n  t a b l e  2 ,  is p resen ted  i n  f i g u r e  2. The 
v a r i a t i o n  of t h e  cor responding  temperature  e r r o r  is  shown i n  f i g u r e  3. 

The s l o p e  of t h e  s e l f - h e a t i n g  curve is  t h e  s e n s i t i v i t y  of t h e  PRT.divided by 
t h e  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t .  Neg lec t ing  t h e  v a r i a t i o n  of t h e  o v e r a l l  h e a t  
t r a n s f e r  c o e f f i c i e n t  w i th  tempera ture ,  i t  can  be concluded from f i g u r e  1 t h a t  t h e  
s l o p e ' s  s e n s i t i v i t y  i n c r e a s e s  wi th  decreas ing  tempera ture .  The re fo re ,  a l l  of t h e  
subsequent  a n a l y s i s  w i l l  be r e s t r i c t e d  t o  t h e  c a s e  of free-stream tempera tu re  o f  90 
K ,  where t h e  s l o p e  and y - in t e rcep t  have t h e  maximum s e n s i t i v i t y  f o r  t h e  t empera tu re  
range  of i n t e r e s t  i n  t h i s  s tudy .  

Tab le  3 p r e s e n t s  t h e  changes i n  s lope ,  y - i n t e r c e p t ,  and t h e  cor responding  
t empera tu re  e r r o r  f o r  PRT's 9 1  and 3 for  a f r ee - s t r eam tempera ture  o f  90 K. These 
changes are due t o  s h i f t s  i n  c a l i b r a t i o n  c o n s t a n t s  presented  i n  t a b l e  2 .  The most 
s i g n i f i c a n t  d e t e c t a b l e  changes i n  t h e  behavior of t h e  s e l f - h e a t i n g  curve  occur  a t  
c a l i b r a t i o n  changes number 8 and 9. Therefore ,  t o  s tudy  t h e  e f f e c t  of t empera tu re  
e r r o r  on t h e  behavior  of  t h e  s e l f - h e a t i n g  cu rve ,  h y p o t h e t i c a l  c a l i b r a t i o n  changes 
( t a b l e  4)  cove r ing  t h e  range between c a l i b r a t i o n  changes number 8 and 9 were 
c o n s i d e r e d .  Table  5 shows t h e  corresponding changes i n  s l o p e ,  y - i n t e r c e p t ,  and 
t empera tu re  e r r o r .  It can be seen  t h a t  f o r  PRT #3,  with an ice-poin t  r e s i s t a n c e  of 
100 ohms, a change i n  s l o p e  of about  3 percent  would be e q u i v a l e n t  t o  a t empera tu re  
e r r o r  of 0 .5  K at 90 K. For PRT # l ,  with an i ce -po in t  r e s i s t a n c e  of 1000 ohms, a 
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change i n  s l o p e  of about 1 percent  would be e q u i v a l e n t  t o  a t empera tu re  e r r o r  of  
0.5 K a t  90 K.  
employ t h e  s e l f - h e a t i n g  t echn ique  t o  d e t e c t  changes i n  t h e  c a l i b r a t i o n  of PRT's. A 
one t o  t h r e e  percent  change i n  t h e  s l o p e  of t h e  s e l f - h e a t i n g  cu rve  would i n d i c a t e  
t h a t  a tempera ture  e r r o r  of about 0 . 5  K would r e s u l t  at a f r ee - s t r eam tempera ture  of  
90 K i f  t h e  o r i g i n a l  PRT c a l i b r a t i o n  d a t a  are used.  The success  of  t h e  s e l f - h e a t i n g  
t echn ique  w i l l  depend upon t h e  accuracy  wi th  which t h e  s e l f - h e a t i n g  d a t a  could be 
gene ra t ed  as w e l l  as the  r e p e a t a b i l i t y  of  tes t  c o n d i t i o n s  f o r  t h e  s e l f - h e a t i n g  
tes ts .  

Therefore ,  based on t h e  r e s u l t  of t h i s  a n a l y s i s  i t  seems p o s s i b l e  t o  

EXPERIMENTAL INVESTIGATION 

An experimental  i n v e s t i g a t i o n  was performed t o  e v a l u a t e  t h e  a p p l i c a b i l i t y  of 
t h e  s e l f - h e a t i n g  technique  i n  d e t e c t i n g  changes i n  t h e  c a l i b r a t i o n  of PRT's. The 
i s s u e s  t h a t  had t o  be  addressed  were: 

1.  Va l ida t ion  of the  l i n e a r i t y  of t h e  s e l f - h e a t i n g  cu rve  ( equa t ion  2 ) .  

2. Determinat ion of  t h e  p r e c i s i o n  of t h e  c a l c u l a t e d  s l o p e  and y - in t e rcep t  of 
t h e  s e l f - h e a t i n g  curve.  

3. Examination of t h e  e f f e c t  of t h e  n o n - r e p e a t a b i l i t y  of t h e  wind tunne l  f low 
v a r i a b l e s  on t h e  s e l f - h e a t i n g  cu rve .  

4. Examination of t h e  i n f l u e n c e  of t h e  f l u c t u a t i o n  of wind tunne l  f low 
v a r i a b l e s  on t h e  s e l f - h e a t i n g  curve .  

EXPERIMENTAL PROCEDURE 

The exper imenta l  procedure c o n s i s t e d  o f  performing s e l f - h e a t i n g  tes ts  i n  two 
wind tunne 1 s : 

1. Instrument  Research D i v i s i o n ' s  (IRD) low speed ,  open c i r c u i t  f low v e l o c i t y  
c a l i b r a t o r  ( r e f .  7)  f o r  o b t a i n i n g  ambient t empera tu re  d a t a  and checking  t h e  
expe r imen ta l  procedure.  

2 .  0 .3  Meter Transonic  Cryogenic Tunnel (TCT) ( r e f .  8 )  f o r  o b t a i n i n g  d a t a  i n  
t h e  c ryogen ic  range. 

PRT #4 was t e s t e d  i n  t h e  t e s t  s e c t i o n  of t h e  I R D  f low v e l o c i t y  c a l i b r a t o r ,  
w h i l e  PRT's 91 and 3 were t e s t e d  i n  the  s e t t l i n g  chamber of t h e  0.3 Meter TCT. 

The d a t a  a c q u i s i t i o n  system ( f i g .  4) used f o r  t h i s  exper imenta l  i n v e s t i g a t i o n  
inc luded :  a Fluke model 8840A d i g i t a l  mu l t ime te r ,  a Racal-Dana ser ies  1200 
u n i v e r s a l  swi t ch  c o n t r o l l e r ,  two 100 ohm p r e c i s i o n  c a l i b r a t i o n  r e s i s t o r s ,  two Fluke 
model 382A v o l t a g e / c u r r e n t  c a l i b r a t o r s ,  and a H e w ] - e t t  Packard model 216 pe r sona l  
computer.  

The PRT's were exposed t o  a s e l f - h e a t i n g  tes t  procedure.  
c o n s i s t e d  of c a l c u l a t i n g  t h e  PRT r e s i s t a n c e  and j o u l e  h e a t i n g  f o r  d i f f e r e n t  amounts 
of  c u r r e n t  suppl ied  t o  t h e  PRT a t  d i f f e r e n t  wind tunne l  c o n d i t i o n s .  The d i r e c t  
c u r r e n t  supp l i ed  t o  t h e  PRT's was g e n e r a l l y  v a r i e d  from 1 t o  41 mi l l iamps  i n  
increments  of 10 mil l iamps.  The r e s i s t a n c e s  of t h e  PRT's.were determined us ing  t h e  

T h i s  procedure 



p o t e n t i o m e t r i c  method ( r e f .  9 ) .  This  method is based on t h e  d e t e r m i n a t i o n  of t h e  
r a t i o  o f  t he  v o l t a g e  drops  a c r o s s  t h e  p r t  s enso r  and a p r e c i s i o n  c a l i b r a t i o n  
r e s i s t o r  t h a t  are connected i n  s e r i e s .  The r e s i s t a n c e  v a l u e  of t h e  PRT w a s  ob ta ined  
from: 

(14)  
V R = R s r  

S 

where Rs and Vs r e p r e s e n t  t h e  r e s i s t a n c e  and v o l t a g e  a c r o s s  t h e  p r e c i s i o n  
c a l i b r a t i o n  r e s i s t o r .  The amount of j ou le  h e a t i n g  was c a l c u l a t e d  acco rd ing  t o :  

S 
v v  

9 = -  
RS 

( 1 5 )  

The ob ta ined  r e s i s t a n c e  and hea t  gene ra t ion  d a t a  were curve  f i t t e d  u s i n g  a l e a s t -  
s q u a r e  method. 

EXPERIMENTAL RESULTS 

The r e s u l t s  of t h e  s e l f - h e a t i n g  t e s t s  f o r  PRT f 4  used i n  t h e  IRD f low v e l o c i t y  
c a l i b r a t o r  are p resen ted  i n  t a b l e  6 .  The flow c o n d i t i o n s ,  t empera tu re  and Keynolds 
number, t h e  cor responding  s l o p e  and y- in te rcept  of  t h e  s e l f - h e a t i n g  cu rves ,  as w e l l  
as t h e  s t anda rd  d e v i a t i o n  of t h e  l i n e a r  curve f i t s  are p resen ted .  The r e s u l t s  of 
t h e  s e l f - h e a t i n g  tests for P R T ' s  # l  and 3 i n  t h e  0.3 Meter TCT are  p resen ted  i n  
t a b l e s  7 and 8 ,  r e s p e c t i v e l y .  F igu re  5 shows t h e  s e l f - h e a t i n g  cu rve  f o r  PRT k3 
which is  t y p i c a l  of a l l  PRT's  and t e s t  cond i t ions .  

The v a r i a t i o n  of t h e  y - i n t e r c e p t s  of t h e  t h r e e  t e s t e d  PRT's w i th  f ree-s t ream 
t empera tu re  are g e n e r a l l y  i n  accordance with t h e  theo ry ,  e q u a t i o n  8 ,  as seen  from 
t a b l e s  6 ,  7 ,  and 8. That i s  t h e  y- in te rcept  i n c r e a s e s  as t h e  tempera ture  
i n c r e a s e s .  The only  excep t ion  i s  t h e  second set of d a t a  i n  t a b l e  8 were t h e  
y - i n t e r c e p t  has  decreased  with inc reas ing  t e m p e r a t u r e .  Th i s  anomaly is most Likely 
due t o  expe r imen ta l  e r r o r .  

The behavior  of t h e  s l o p e s  a s  g iven  i n  t a b l e s  6 ,  7 ,  and 8 i s  more complicated 
t o  p r e d i c t ,  because t h e  s l o p e  is dependent upon flow v a r i a b l e s  such as t empera tu re  
and Reynolds number. As seen  from equat ion 7 t h e  s l o p e  i s  t h e  product  of t h e  
r e c i p r o c a l  of t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  and t h e  s e n s i t i v i t y  of t h e  
p r t .  The o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  i s  a l s o  a f u n c t i o n  of t h e  same f low 
v a r i a b l e s ,  wh i l e  t h e  s e n s i t i v i t y  is  a funct ion of t empera tu re  on ly .  I n  o r d e r  t o  
unders tand  t h e  v a r i a t i o n  of  s l o p e  wi th  flow v a r i a b l e s ,  t h e  v a r i a t i o n  of t h e  o v e r a l l  
h e a t  t r a n s f e r  c o e f f i c i e n t  was s t u d i e d .  

The o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  g iven  i n  e q u a t i o n  7 is  r e l a t e d  t o  flow 
v a r i a b l e s  acco rd ing  t o  ( r e f .  10): 

where t h e  f i r s t  term r e p r e s e n t s  t h e  combined conduct ive  hea t  t r a n s f e r  a c r o s s  t h e  
d i f f e r e n t  l a y e r s  of t h e  PRT from t h e  sens ing  wire t o  t h e  o u t s i d e  s u r f a c e .  The 
second t e r m  r e p r e s e n t s  t he  convec t ive  heat t r a n s f e r  r e s i s t a n c e  from t h e  PRT to  t h e  
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f r e e  stream. 
t empera tu re  is neglec ted  - an assumption v a l i d  f o r  small  tempera ture  changes - 
e q u a t i o n  16  can  be t ransformed t o :  

I f  t h e  v a r i a t i o n  of t he  thermal  c o n d u c t i v i t y  of t h e  PRT l a y e r s  wi th  

where C1 and C2 a r e  c o n s t a n t s .  
r e l a t e d  t o  Reynolds number acco rd ing  t o :  

The convec t ive  hea t  t r a n s f e r  c o e f f i c i e n t  can be 

(18) 
n h = C3 R e  

where n is a cons tan t  depending upon t h e  Reynolds number, and can  be ob ta ined  from 
d i f f e r e n t  c o r r e l a t i o n s  f o r  convec t ive  hea t  t r a n s f e r  t o  c y l i n d e r s  ( r e f .  10 ) .  
S u b s t i t u t i n g  f o r  convec t ive  h e a t  t r a n s f e r  c o e f f i c i e n t  from e q u a t i o n  18 i n t o  e q u a t i o n  
17 y i e l d s :  

- C1 + C Re-n 1 
UA 4 
- -  (19)  

T h i s  equa t ion  provides  t h e  v a r i a t i o n  of t h e  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  wi th  
Reynolds number. It should be noted t h a t  t h e  c o n s t a n t s  C1 and C4 a r e  t empera tu re  
dependent ,  but  can be cons idered  as cons t an t  because t h e  v a r i a t i o n  of tempera ture  
throughout  each of  the  IRD f low v e l o c i t y  c a l i b r a t o r  and 0.3 Meter TCT exper iments  
w a s  less than  10 K. The exper imenta l  d a t a  f o r  each of t h e  PRT's were curve  f i t t e d  

and 
i n  o r d e r  t o  o b t a i n  the c o n s t a n t s  C1 
o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t s  f o r  d i  f e r e n t  tes t  c o n d i t i o n s .  These e s t ima ted  
o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s  were used i n  c o n j u n c t i o n  wi th  t h e  cor responding  
f r ee - s t r eam temperature  measurements t o  c a l c u l a t e  s l o p e s  acco rd ing  t o  equa t ion  7 .  
These p r e d i c t e d  s lopes  a r e  a l s o  l i s t e d  i n  t a b l e s  6 ,  7 ,  and 8 .  Although t h e s e  
p r e d i c t e d  s l o p e s  a re  approximate v a l u e s ,  they  can provide  an i n d i c a t i o n  of how t h e  
s l o p e  should v a r y  with t empera tu re  and Reynolds number f o r  t h e  g iven  tes t  
cond it ions .  

which were then  used t o  estimate t h e  

Comparing t h e  p red ic t ed  and c a l c u l a t e d  v a l u e s  of s l o p e  f o r  t h e  t h r e e  PRT's, it 
can be seen  t h a t  the expe r imen ta l ly  determined s l o p e s  do not  always fo l low t h e  
p a t t e r n  i n d i c a t e d  by t h e  p r e d i c t e d  va lues .  Some e r r a t i c  behavior  can be observed i n  
t h e  d a t a  f o r  a l l  the PRT's. 

These e r r a t i c  behaviors  i n  t h e  y - in t e rcep t  and s l o p e  d a t a  could  be  r e l a t e d  t o  
u n c e r t a i n t i e s  and e r r o r s  p re sen t  i n  t h e  exper iments .  The e r r o r s  and u n c e r t a i n t i e s  
are comprised of th ree  f a c t o r s :  t h e  inhe ren t  u n c e r t a i n t y  i n  i n s t r u m e n t a t i o n ,  t h e  
e r r o r  involved i n  curve f i t t i n g  t h e , e x p e r i m e n t a l  d a t a ,  and t h e  f l u c t u a t i o n  of f low 
v a r i a b l e s  du r ing  each set  of s e l f - h e a t i n g  tes t s .  Each of t h e s e  f a c t o r s  w i l l  be 
d i s c u s s e d  subsequent ly .  

The ins t rumenta ion  e r r o r  i s  r e l a t e d  t o  t h e  d e t e r m i n a t i o n  of t h e  r e s i s t a n c e  and 
j o u l e  h e a t i n g  of  the PRT acco rd ing  t o  equa t ions  14 and 15. The e r r o r s  i n  t h e  
c a l c u l a t e d  v a l u e s  of PRT r e s i s t a n c e  and j o u l e  h e a t i n g  were e s t ima ted  us ing  t h e  roo t -  
sum-square method ( r e f .  11) :  

ER = ( ( A V  % 2  + (AVs a R  2 ) 0.5 
av 

E = ( ( A V  El2 + (AVs r) aq 2 ) 0 . 5  

S q 

(20) 

(21 1 

where AV and AVs r e p r e s e n t  t h e  u n c e r t a i n t i e s  i n  t h e  measured v o l t a g e s  a c r o s s  t h e  
s e n s o r  and t h e  s tandard  r e s i s t o r ,  r e s p e c t i v e l y ,  and were e s t i m a t e d  u s i n g  t h e  
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mul t ime te r  manufac tu re r ' s  s p e c i f i e d  u n c e r t a i n t i e s  ( r e f .  12 ) .  The maximum error f o r  
t h e  c a l c u l a t e d  v a l u e s  of r e s i s t a n c e  and j o u l e  h e a t i n g  due t o  i n s t r u m e n t a t i o n  e r r o r  
w a s  e s t ima ted  t o  be 0.03 percent  of the r ead ings .  

The r e s i s t a n c e  and j o u l e  h e a t i n g  d a t a  f o r  each set of exper iments  were c u r v e  
f i t t e d  t o  a l i n e a r  r e l a t i o n s h i p .  The maximum average  s t a n d a r d  d e v i a t i o n  of t h e  PRT 
r e s i s t a n c e s  ob ta ined  by l i n e a r  cu rve  f i t  of  t h e  exper imenta l  d a t a  w a s  0 .18 p e r c e n t .  

F l u c t u a t i o n  of flow v a r i a b l e s  such as tempera ture  and Reynolds number could 
also c o n t r i b u t e  t o  e r r o r  i n  t h e  s e l f - h e a t i n g  t e s t s .  I n  wind tunne l  t e s t i n g  t h e  f low 
v a r i a b l e s  can  not  be maintained at fixed v a l u e s  and undergo f l u c t u a t i o n s .  
F l u c t u a t i o n s  o f  0.5 K i n  f ree-s t ream tempera ture  and 0.5 m i l l i o n  i n  tes t  s e c t i o n ' s  
Reynolds number were sometimes observed i n  t h e  0.3 Meter TCT d a t a .  These Reynolds 
number f l u c t u a t i o n s  correspond t o  a 2000-5000 v a r i a t i o n  i n  t h e  s e t t l i n g  chamber 's  
Reynolds number i n  t h i s  wind tunne l .  These f l u c t u a t i o n s  were even obse rvab le  i n  t h e  
raw d a t a  o f  t h e  s e l f - h e a t i n g  tes t s .  In a few i n s t a n c e s  i t  was observed t h a t  t h e  
r e s i s t a n c e  of  t h e  PRT would dec rease  with i n c r e a s i n g  c u r r e n t .  T h i s  could only  be 
r e l a t e d  t o  an in s t an taneous  d e c r e a s e  i n  f ree-s t ream t empera tu re ,  and/or  i n c r e a s e  i n  
t h e  Reynolds number. 
of t h e  s e n s o r ,  t h u s  caus ing  a dec rease  i n  the  r e s i s t a n c e  even though t h e  c u r r e n t  
s u p p l i e d  t o  t he  senso r  had inc reased .  T h e s e  f l u c t u a t i n g  d a t a  would y i e l d  s e l f -  
h e a t i n g  c u r v e s  t h a t  would d e v i a t e  s i g n i f i c a n t l y  from t h e  p r e d i c t e d  behav io r s .  Most 
of t h e  f l u c t u a t i n g  d a t a  presented  i n  t a b l e s  6 ,  7 ,  and 8 cor respond t o  e r r a t i c  
behavior  due t o  tempera ture  and Reynolds number f l u c t u a t i o n s .  F l u c t u a t i o n s  of t h e s e  
f low v a r i a b l e s  would i n v a l i d a t e  t h e  s e l f -hea t ing  technique .  

Both p o s s i b i l i t i e s  would cause  a d e c r e a s e  i n  t h e  tempera ture  

Another sou rce  of  e r r o r  i n  t h e  s e l f - h e a t i n g  t echn ique  is  t h e  n o n - r e p e a t a b i l i t y  
o f  f low v a r i a b l e s  d u r i n g  s u c c e s s i v e  t e s t s .  
g e n e r a t i n g  t h e  s e l f - h e a t i n g  cu rve  a t  a g iven  set  of flow v a r i a b l e s ,  and then  
r e p e a t i n g  t h e  tests under t h e  same flow c o n d i t i o n s  i n  o r d e r  t o  compare t h e  s e l f -  
h e a t i n g  c u r v e s .  R e p e a t a b i l i t y  of flow v a r i a b l e s  d u r i n g  s u c c e s s i v e  tests may no t  be 
a c h i e v a b l e .  F i g u r e  6 shows t h e  percent  change i n  s l o p e  and y - i n t e r c e p t  of a s e l f -  
h e a t i n g  cu rve  f o r  PRT #3 due t o  a *I K v a r i a t i o n  about a s e l e c t e d  f ree-s t ream 
t empera tu re  f o r  d i f f e r e n t  temperatures .  The maximum d i sc repancy  i n  t h e  s l o p e  and 
y - i n t e r c e p t  was 0.07 percent  and 1.80 pe rcen t ,  r e s p e c t i v e l y .  The percent  change i n  
t h e  s l o p e  of  a s e l f - h e a t i n g  curve  for t h e  PRT's used i n  t h e  0.3 Meter TCT due t o  a 
k1 percen t  v a r i a t i o n  of t h e  Reynolds number f o r  d i f f e r e n t  Reynolds numbers is 
p r e s e n t e d  i n  t a b l e  9. Both t h e  t e s t  s e c t i o n  Reynolds numbers and t h e  s e t t l i n g  
chamber Reynolds numbers are t a b u l a t e d .  
co r re spond ing  e r r r o r s  f o r  PRT's t l  and 3 are k0.77 pe rcen t  and ~ 0 . 2 7  p e r c e n t ,  
r e s p e c t i v e l y .  

The s e l f - h e a t i n g  t echn ique  c o n s i s t s  of 

It can be seen  t h a t  t h e  average  

CONCLUSION 

The a p p l i c a b i l i t y  of t h e  se l f -hea t ing  t echn ique  as an i n - s i t u  method f o r  
checking  t h e  c a l i b r a t i o n  of plat inum r e s i s t a n c e  thermometers has  been i n v e s t i g a t e d .  

Based on t h e  r e s u l t s  of t h i s  i n v e s t i g a t i o n  it  can be concluded t h a t  t h e  s e l f -  
h e a t i n g  t echn ique  cannot be app l i ed  for i n - s i t u  t e s t i n g  of t h e  c a l i b r a t i o n  of PKT's 
used i n  wind t u n n e l  environments .  The f l u c t u a t i o n  of f low v a r i a b l e s  i n  a wind 
t u n n e l  i n v a l i d a t e  t h i s  technique .  Furthermore,  t h e  p o s s i b l e  n o n - r e p e a t a b i l i t y  of 
f low c o n d i t i o n s  f o r  p o s s i b l e  comparison o f  s e l f - h e a t i n g  d a t a  a l s o  i n t r o d u c e  
s i g n i f i c a n t  u n c e r t a i n t i e s  i n  t h e  method t o  r ende r  i t  useless. The s e l f - h e a t i n g  test  
method appea r s  t o  be on ly  a p p l i c a b l e  in t o t a l l y  c o n t r o l l e d  environments  such as 

9 



l i q u i d  b a t h s  where t h e  f l u c t u a t i o n  of parameters  can be made n e g l i g i b l e  and 
r e p e a t a b i l i t y  o f  t e s t  c o n d i t i o n s  can be achieved .  

One p o s s i b l e  way t o  c i rcumvent  t h e  problems a s s o c i a t e d  wi th  t h e  f l u c t u a t i o n  of 
f low v a r i a b l e s  dur ing  t h e  s e l f - h e a t i n g  tes ts  would be t o  g a t h e r  a large sample of  
d a t a  i n  o r d e r  t o  be a b l e  t o  s t a t i s t i c a l l y  e l i m i n a t e  some of t h e  e r r a t i c  behavior .  
However, t h e  c o s t  involved i n  g a t h e r i n g  a l a r g e  sample of  wind t u n n e l  d a t a ,  and t h e  
f a c t  t h a t  such d a t a  might s t i l l  no t  produce good r e s u l t s  r ende r  t h i s  t echn ique  
und es i r a b  1 e. 

Langley Research Center 
N a t i o n a l  Aeronaut ics  and Space Admin i s t r a t ion  
Hampton, VA 23665-5225 
A p r i l  1987 

c 
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* 

PRT No. 
Manufacturer 
Model 
Serial No. 

TABLE I.- LISTING OF THE PRT'S USED IN THE ANALYSIS 

1 
Ro s emo un t 

134-RL 
19399 

2 
Ros emount 

134-RL 
19398 

3 4 
Hy-Cal Hy-Cal 

RTS-54-B-100 RTS-32A-lOO-Bl2 
31 3 35 

12  

0.3 Meter 
TCT 

IRD 
Flow Velocity 
Calibrator 

Wind Tunnel 
Used For 
Testing 

A 
B 
c 
Ro 

0.3 Meter 
TCT 

3.9790266 E-3 
-5.8336260 E-7 
-4.1607280 E-10 

1000.130 
I I 

3.9788334 E-3 
-5.8487864 E-7 
-4.5030086 E-10 

1000.672 

3.9760648 E-3 3.9165111 E-3 
-5.9430633 E-7 -5.7594465 E-7 
-3.6995277 E-10 -4.7488331 E-10 

99.897 99.870 



. 

AB - AA - C a l i b r a t i o n  
Change No. A B 

1 7.763-6 9.443-5 
2 2.643-4 5.96E-3 
3 5.38E-4 7.19E-3 
4 1 .60E-4 3.863-3 
5 9.95E-5 5.713-3 
6 -9.44E-4 -1.233-2 
7 1.61E-3 5.173-2 
8 2.56E-3 8.12E-2 

' 9  1.05E-2 0.196 

TABLE 11.- TYPICAL CHANGES IN THE CALIBRATION CONSTANTS OF PRT'S 
USED AT NASA LANGLEY RESEARCH CENTER 

ARO 

RO 

- AC 
C 
- 

-1.243-3 -1.15E-5 
-4.623-2 -7.203-5 
-6.43E-2 1.423-4 
-2.22E-2 -1.303-4 
-1.21E-2 -5.50E-5 
0.11 -6.20E-5 

-1.85E-1 -1.60E-5 
-2.69E-1 -6.893-5 
-3.80 -1.55E-3 

13 
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TABLE 111.- CHANGES IN THE SELF-HEATING CURVE, AND THE CORRESPONDING 

CONSTANTS LISTED IN TABLE 11. 
TEMPERATURE ERROR OF PRT'S SUBJECT TO CHANGES IN CALIBRATION 

Calibration 
Change No. 

1 
2 
3 
4 
5 
.6 
7 
8 
9 

AW - x 100 
W 

-5.5E-4 
0.003 

-0.013 
-0.026 
-0.045 

0.048 
-0.348 
-0.624 

6.39 

PRT # l  
AY - x 100 
Y 

-0.004 
-0.107 
-0.115 
-0.053 
-0.008 

0.212 
-0.214 
-0.266 
-10.8 

At 
(K) 

0.000 
0.002 

-0.008 
-0.015 
-0.025 

0.027 
-0.196 
-0.351 

3.605 

AW - x 100 
0 

-9.7E-4 
-0.013 
-0.035 
-0.034 
-0.050 
0.085 

-0.414 
-0.721 

5.090 

PRT #3 
AY - x 100 
Y 

-0.004 
-0.090 
-0.091 
-0.045 
-0.003 

0.171 
-0.142 
-0.160 
-9.45 

A t  
(K) 

-0.001 
-0.007 
-0.020 
-0.019 
-0.028 
0.048 

-0.235 
-0.409 

2.895 
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. 

C a l i b r a t i o n  
Change No. 

A1 
A2 
A 3  
A4 
A5 
A6 

TABLE 1V.- ADDITIONAL SETS OF CHANGE I N  CALIBRATION CONSTANTS OF PRT'S 

AR* 

RO 

- AC AB 
A B C 

- - AA - 

2.5OE-3 8.00E-2 -3. OOE- 1 -7.00E-5 
3.75E-3 1.20E-1 -4.50E-1 -1 .OSE-4 
5.633-3 1.80E-1 -6.75E-1 -1.583-4 
8.443-3 2.70E-1 -1.01 -2.373-4 
1.27E-2 4.05E-1 -1.51 -3.553-4 
1.90E-2 6.07E- 1 -2.28 -5.3 1E-4 
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Calibration 
Change No. 

TABLE V.- CHANGES I N  THE SELF-HEATING CURVE, AND THE CORRESPONDING 
TEMPERATURE ERROR FOR PRT'S SUBJECT TO CHANGES IN CALIBRATION 

CONSTANTS LISTED IN TABLE IV. 

Aw AY At - x 100 - x 100 (K) w Y 

I 

, PRT #1 I I I 

A1 
A2 
A3 
A4 
A5 
'A6 

-0.50 
-0.76 
-1.13 
-1.70 
-2.55 
-3.83 

-0.38 
-0.57 
-0.86 
-1.28 
-1.92 
-2.89 

-0.284 
-0.426 
-0.640 
-0.959 
-1.438 
-2.156 

I I I 

PRT #3 

-0.61 
-0.92 
-1.38 
-2.06 
-3.10 
-4.64 

-0.26 
-0.40 
-0.59 
-0.89 
-1.33 
-2.00 

At 
(K) 

-0.347 
-0.521 
-0.782 
-1.172 
-1.758 
-2.635 
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TABLE V1.- RESULTS OF THE SELF-HEATING TESTS IN THE IRD FLOW VELOCITY CALIBRATOR 

Test Temperature Re Y' 
No. (K) Intercept 

1 297.32 6.1333 109.26 
2 297.34 9.19E3 109.29 
3 298.79 1.2234 109.84 
4 299.15 1.53E4 109.97 

s1 
Calculated 

6.1099 
6.0044 
6.2627 
6.0831 

I I I I 

'Pe 
Predicted 

Standard 
Deviation of 

Curve F i t  

I I  
6.462 
6.234 
6.104 
6.009 

6.20E-2% 
3.2 1E-2X 
3.24E-2% 
4.38~2% 

1 I 
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TABLE VI1.- RESULTS OF THE SELF-HEATING TESTS FOK PRT 111 IN THE 0.3 METER TCT 

Test Temperature R e  Y- Slope 
No. (K) I n t e r c e p t  Calcu la ted  P red ic t ed  

1 99.13 2.8535 284.70 15.94 15.44 
2 99.21 2.9835 282.87 13.71 14.94 
3 99.35 2.2935 ------ ----- ----- 
4 99.74 2.14E5 287.29 18.10 19.25 
5 103.89 3.5335 305.02 13.31 13.09 
6 109.21 3.4435 328.25 11.45 13.29 

Standard 
Deviat ion of 

Curve F i t  

7.34E-2% 
4.5 E-2% 

No Data Taken 
1.04E-1% 
8.95E-2% 
7.27E-2% 
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TABLE V1II.- RESULTS OF THE SELF-HEATING TESTS FOR PRT #3 I N  THE 0.3 METER TCT 

Y' 
In t e rcep t  

Test 
No. 

s1 
Calcula ted  

Temperature 
(K) 

'Pe 
Pred ic ted  

7.54 
7.45 
8.03 
8.21 
7.12 
7.14 

I 

-I----- 

Standard 
Devia t ion  of 

Curve F i t  

1.51E-1% 
3.14E-2% 
1.18E-1X 
1.76E-1% 
4.11E-3% 
9.10E-3% 

99.13 
99.21 
99.35 
99.74 

103.89 
109.21 

R e  

2.8535 
2.9835 
2.2935 
2.14E5 
3.5385 
3.4435 

1 

I 
28.333 
28.478 
28.582 
28.638 
30.405 
32.581 

7.61 
7.53 
6.60 
8.38 
5.84 
7.41 
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APPENDIX A 

CHANGES I N  THE SELF-HEATING CURVE AND THE CORRESPONDING 
TEMPERATURE ERROR CAUSED BY CHANGE I N  CALIBRATION 

The s l o p e  and y - in t e rcep t  o f  the self h e a t i n g  cu rve  are g iven  by: 

[A + 2Bt- + Ct-  (z - 311 (A. 1 
2 t- RO 

= ux 

3 w = Ro [ l  + A t w  + B t w 2  + C t w  (m - 111 (A.2) 

I f  t h e  c a l i b r a t i o n  c o n s t a n t s  change by 
c a l i b r a t i o n  c o n s t a n t s  are:  

AA, AB,  AC, and ARo, such tha t  t h e  new 

A1 = A + AA 

B1 = B + AB 

C1 = C + AC 

Rol = Ro + ARo 

(A.3) 

(A.4) 

(A.5) 

(A.6) 

t h e  new s l o p e  and y - in t e rcep t  of t h e  se l f -hea t ing  cu rve  become: 

The co r re spond ing  changes i n  t h e  s l o p e  and y - in t e rcep t  can be ob ta ined  by 
s u b t r a c t i n g  Equat ions  A . 1  and A.2 f r m  A.7 and A . 8 ,  r e s p e c t i v e l y :  

2 
ARo AA + 2ABtw + Actw (z- 3) ARo 

+ -  AY - =  ( 1  + -) 
Y RO 2 RO A + 2Btw + C t w  

3 
ARO 

-t (1 +A) - + -  
3 RO 

A R  AAtw + A B t w 2  + Act- (m - 1) 

1 + A t w  + Btw2  + Ct-  (m - 1) 

AU 

RO 
w 

- 

(A.9) 

(A. 1 0 )  

The r e s i s t a n c e  of a PRT is r e l a t e d  to  t h e  j o u l e  h e a t i n g  acco rd ing  t o :  

R = w + y q  (A.11) 

2 1  



The change i n  t h e  r e s i s t a n c e  r e a d i n g  of a PRT at  a g iven  f ree-s t ream tempera ture  
caused by changes in  t h e  c a l i b r a t i o n  c o n s t a n t s  can be obta ined  from: 

AR = Aw + q Ay (A. 12) 

This  change i n  r e s i s t a n c e  can be conver ted  t o  a change i n  t h e  i n d i c a t e d  tempera ture  
o f  t h e  PRT according t o  t h e  c h a i n  r u l e :  

d t  A t  = A R  - dR 
d t  
dR S u b s t i t u t i n g  f o r  - from e q u a t i o n  3 r e s u l t s  in :  

A t  = A w  + q 
2 t  [ A  + 2Bt + C t  (z - 3) 1 RO 

S u b s t i t u t i n g  for t h e  PRT tempera ture ,  t ,  from e q u a t i o n  4 r e s u l t s  in :  

where X is provided i n  e q u a t i o n  13. 

22 
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APPENDIX B 

TYPICAL CHANGES I N  CALIBRATION DATA 

Calibration change No. 8 in  table  2 corresponds t o  prt  #4. 
t h e  ca lculated changes in  ca l ibrat ion  constants are tabulated here: 

The c a l i b r a t i o n  data and 

Calibration Date 1 
Calibration 

Constants 
A 
B 
C 

RO 

Corresponding Change 
i n  Calibration 

Constants 

AA 
A 

AB 
B 

AC 
C 

- 

- 

- 

ARO 

RO 

- 

November 1983 

3.9686854 E-3 
-5.4096148 E-7 
-6.1612356 E-10 

1000.741 

November 1984 

3.9788334 E-3 
-5.8487864 E-7 
-4.5030086 E-10 

1000.672 

2.56 E-3 

8.12 E-2 

-2.69 E-1 

-6.89 E-5 
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